This summer in New Delhi, Thirumalachari Ramasami, the head of the federal Department of Science and Technology (DST; one of the three biggest federal science funding agencies in India), said publicly that India was lagging behind other countries in research funding as well as in scientific productivity. Citing 2002-03 figures, Ramasami said India invested $3.7 billion for all scientific research, only a quarter of what China spent that year ($15.5 billion) and far below spending for scientific research in Japan ($124 billion) and the United States ($277 billion) for the same period. In terms of scientific publications, India trails China. For example, in 2002-03, Indian researchers published 19,500 papers in scientific journals listed by the Science Citation Index compared to 50,000 papers by Chinese researchers.
Inadequate scientific output is a prime cause of concern for C.N.R. Rao, chairman of the 30-member Scientific Advisory Council (SAC), which advises India's Prime Minister Manmohan Singh. In a recent letter to the Prime Minister, Rao said, "Even our top institutions are not performing as well in terms of research papers and the number of research students they train. The number of research papers published by scientists (per capita) is alarmingly low, being less than one in many of our leading institutions."
Another obstacle is the difficulty that Indian scientific institutions have in recruiting talented faculty and students. "There are factors which have made the scientific profession in India less attractive to young people," says Rao. Recruitment is difficult, agrees Padmanabhan Balaram, director of the Indian Institute of Science in Bangalore and editor of the Indian Academy of Sciences' journal Current Science. "We have to recruit under vast constraints. There's a great demand in the West for Indian researchers," he says. Biology institutes, such as the International Center for Genetic Engineering (ICGEB) in New Delhi, the Indian Institute of Science (IIS) in Bangalore, the National Center for Cell Science (Pune) and the Center for Cellular and Molecular Biology (CCMB) in Hyderabad, are finding it difficult to attract topnotch Indian scientists who have settled abroad. "We can get young, bright researchers but getting top ranked scientists to come to India is difficult," says Lalji Singh, director of CCMB. Besides the lure of the West, there are homegrown reasons for the exodus of PhDs and postdoctoral fellows elsewhere. "One of the main reasons is very poor salaries; financially, being a postdoctoral fellow is almost unviable," says Virander Singh Chauhan, director of ICGEB. A typical postdoctoral fellow's monthly salary is about $600 but should be at least $1200, says Chauhan. Another barrier is that India lacks the culture of letting a young PhD student drive his or her own ideas. "We still haven't got rid of the colonial syndrome," says Chauhan. He points out that scientists require a vibrant environment in which to work-with competition from peers, international exposure, well-equipped laboratories, and the challenge of working on cuttingedge scientific problems. An acute lack of infrastructure and basic facilities (which Chauhan calls "developing nation syndrome"), including the intermittent availability of water and electricity and the lack of reagents and scientific service industries, compounds the sense of discouragement among young researchers.
A boost in research funding is important for increasing scientific productivity, says Balaram, but it is not the only factor that can bring about desired changes. Rao points out that macro restructuring cannot be ignored. "Economic liberalization has had no impact on the way we have administered the best of our institutions and people. The rules and procedures for scientific organizations have remained the same as for district offices," he stated in his letter to the Prime Minister. With India's contribution to world science in terms of scientific publications at only 3% compared to China's 12%, the Indian government has taken steps to reverse this trend, including introducing a slew of new policies and funding initiatives.
According to the DST, overall science spending will increase from $4.5 billion in 2006-2007 to $21.5 billion in 2012 (see Table 1 ). Other measures to be introduced include providing the top 500 Indian high school students with guaranteed financial help from ages 17 to 32 to enable them to pursue a career in scientific research. "This is to ensure we get the students before they lose interest in science," says Ramasami. DST itself has launched three new fellowship programs-the Ramanujam, J.C. Bose, and STIO (Scientists and Technologists of Indian Origin) Fellowships. These fellowships are the first of their kind in India, both in their financial appeal as well as in scope and freedom to do research.
The federal Department of Biotechnology (DBT) also has taken steps to revive the culture of innovation and discovery in life sciences, which DBT secretary Maharaj K. Bhan believes was a "low-key issue" for a long time in India. Random, individualistic, and
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nonstrategic research collaborations are now being substituted with strategic partnerships backed by strong corporate-style management. For example, DBT has struck alliances with several European Union (EU) countries, including a collaboration with Finland to develop medical diagnostics, such as inexpensive tests for screening blood donations for HIV, and hepatitis B and C viruses. DBT has also forged 14 new research collaborations with Switzerland to develop stress-resistant crops, biofertilizers, biosensors, and biopesticides. It is an encouraging sign that countries like Norway, Finland, Denmark, UK, Australia, and Canada are allocating substantial dedicated funds for bilateral research with India, says Bhan. "Countries are now putting dollars behind their words and we are matching dollar for dollar," he says.
Indian researchers are also encouraged to collaborate with US laboratories by submitting R01 and R03 (small grant) proposals to the US National Institutes of Health (NIH). For example, Sagar Sengupta of the National Institute of Immunology in New Delhi has received R01 funding to study the regulation of the BLM helicase in cancer. R03 funding has been granted to G.P. Talwar of the New Delhi-based Talwar Research Foundation to collaborate with John Schiller of the US National Cancer Institute to develop a vaccine against human chorionic gonadotropin for reversible control of fertility.
To bring transparency and speed to research, the SAC, in March 2005, proposed setting up an autonomous National Science and Engineering Research Foundation, designed along the lines of the National Science Foundation in the US. Government legislation to set up this Foundation is pending, and the goal is to launch it next year with a projected budget of $1.1 billion over 5 years (three times the budget of the current Science and Engineering Research Council). "The [slow] speed at which things are moving reflects how difficult it is to bring about grand restructuring," says Balaram. But he is optimistic that once the Foundation is set up, it will change the way money flows into basic research, reducing the bureaucracy and conservatism that plagues other funding agencies.
To boost standards, Rao, the SAC chairman, believes that instead of funding institutions with minimal facilities and infrastructure, the government should fund just a few top institutes to make them internationally competitive. In the last two years, Rao has helped to set up three national Indian Institutes of Science Education and Research (IISER) in the cities of Kolkata, Pune, and Mohali (near Chandigarh). Two more such institutes will be built in central and southern India by 2008. These institutes will offer a 5 year integrated masters/PhD program in science with a major research component (which is lacking in most Indian undergraduate courses). A big goal of the IISERs is to encourage an interdisciplinary curriculum. Two IISERs are already functional, and in four years more than 1000 professionals trained by these institutes will enter India's scientific workforce, predicts Rao. In addition, a National Institute for Translational Research is to be launched in New Delhi to groom world-class clinical researchers and to partly offset the damage caused by the neglect of the medical school research system in India over the last three decades.
Given that life sciences research requires individuals with diverse skill sets (including knowledge of bioinformatics and mathematical modeling), subjects that are not typically taught in undergraduate classes, the Indian government signed an agreement with UNESCO in July to establish a regional Center for Biotechnology Training and Education. Opening in January 2007, this center will combine teaching and research with a strong focus on "capacity building," that is, training young people to take up careers in biotechnology as India faces a severe shortage of qualified people in this sector. The center will offer postgraduate and postdoctoral programs in biotechnology, nanobiotechnology, and environmental biotechnology. Increased funding over the past 2-3 years (see Table 1 ) and a steady increase in the return of expatriate researchers to India (see Table 2 ) are beginning to reap benefits. Returning researchers agree that funding is less of a constraint than it used to be, but they have different opinions regarding administrative obstacles. "Any proposal of merit gets funding now. Establishments have become more responsive and there is a mood in the biosciences sector to encourage the scientific enterprise," says Satyajit Mayor, a molecular biologist at the National Center for Biological Sciences (NCBS) in Bangalore, who returned 10 years ago from Columbia University in New York City. Mayor is optimistic and believes that young Indian researchers who may find research funding difficult to obtain in the US or UK, should come back to India as both funding and opportunities are plentiful. He doesn't deny the notorious Indian bureaucracy but doesn't find it stifling either. "If one has the right attitude, it can be overcome."
Chetan Chitnis, a biologist at ICGEB, returned in 1996 to India from the malaria research program at the NIH in Bethesda, Maryland. "What we indeed need is many more places like NCBS and ICGEB, which are doing cutting edge research," he says. "There are a lot more people in the US and other countries who would want to come back if India had quality biology research institutes, which are just a handful now," he says.
Even with the encouraging changes taking place, there are still many frustrations. Utpal Bhadra, a molecular biologist at CCMB in Hyderabad, believes that the overall efficiency of Indian scientific institutions and regulatory agencies is "one-fifth of what one sees in the U.S." Bhadra returned to CCMB from the University of Missouri in 2002 and has seen bureaucratic procedures delay even trivial processes such as the timely delivery of chemicals. But these delays, believes Chitnis, can be avoided if the institute works to streamline procedures. At ICGEB, he says, scientists are now pushing the reagent and chemical companies to deliver faster.
According to Chitnis, to be competitive internationally, India ought to be more ambitious in funding larger projects. "An average NIH grant is $250,000 whereas an average Indian grant is $10,000-$15,000. Only a few Indian grants cross $1 million over a five-year period and that's mostly in strategic and applied areas like HIV vaccine [development] ," he adds. However, enhanced funding alone is not enough; it should come with more monitoring and accountability, suggests Balaram. "While the government is looking after the input, at the institution level we must monitor the output [of science]," he says.
As for Mayor and Bhadra, they both agree that for India to be more competitive globally, there needs to be a new emphasis on basic research. "We see a lot of funding today but most of it is for applied research. But if basic research is not well funded and encouraged, the applied sector will dry up," warns Bhadra. To be world class, Mayor believes India needs to build a self-sustaining "critical mass" of research institutions and human resources.
